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SUMMARY 


The  objective  of  this  investigation  was  the  determination  of  the  full-scale 
static  aerodynamic  stability  and  control  characteristics  of  the  T-2B/C  aircraft. 
To  accomplish  this  objective,  tests  were  conducted  in  the  NASA -Ames  12-foot 
pressure  wind  tunnel  using  a .09  scale  T-2C  model. 


The  T-2C  is  a straight,  fixed  wing  Navy  jet  trainer  aircraft  manufactured 
by  the  Columbus  Division  of  Rockwell  International.  A YT-2B,  aerodynamically 
identical  to  the  T-2C,  is  currently  assigned  to  NAVAIRDEVCEN  for  research  and 
development  purposes.  It  has  been  gathering  flight  time  history  data  for  use 
in  parameter  identification  technique  development  and  for  use  as  baseline  data 
for  a proposed  variable-stability  conversion.  In  order  to  use  the  flight  data 
for  either  of  these  purposes,  however,  it  is  first  necessary  to  have  complete, 
accurate  wind  tunnel  data. 


A variety  of  wind  tunnel  operating  conditions  were  evaluated  it:  preliminary 
tests.  The  results  of  these  tests  indicated  that  the  bulk  of  the  data  should 
be  collected  at  a Mach  number  of  0.2  and  a Reynolds  number  of  b million  per 
foot.  The  data  span  angles-of-attack  from  -8°  to  83°  and  sideslip  angles  from 
-10°  to  +30°.  Various  deflections  of  ailerons,  rudder,  and  elevator  were 
investigated  independently  and  in  combination.  Only  full  control  deflections 
were  used  at  angles-of-attack  greater  than  40°. 


In  general,  the  data  presented  in  this  report  are  judged  to  be  sufficient 
to  fulfill  the  objective  of  the  investigation.  Complete  determination  of 
static  aerodynamic  characteristics,  however,  is  not  sufficient  for  complete 
modeling  or  simulation  of  the  aircraft,  and  it  is  recommended  that  every 
effort  be  made  to  obtain  dynamic  wind  tunnel  data  in  the  near  future. 
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B 0 I.  s , abbreviations  and  definitions 
wing  span,  feet 
mean  wing  chord,  feet 

coefficient  of  axial  force,  axial  force/qS 
coefficient  of  drag,  drag/qS 
coefficient  of  lift,  lift/qS 

change  in  lift  coefficient  with  angle-of-attack  (lift  curve  slope), 
1/deg 

coefficient  of  rolling  moment,  rolling  moment/qbs 

change  in  rolling  moment  coefficient  with  sideslip  angle  (effective 
dihedral  derivative) , 1/deg 

change  in  rolling  moment  coefficient  with  deflection  of  aileron, 
1/deg 

coefficient  of  pitching  moment,  pitching  moment/qSc 

change  in  pitching  moment  coefficient  with  angle-of-attack  (static 
stability  derivative) , 1/deg 

change  in  pitching  moment  coefficient  with  deflection  of  elevator, 
1/deg 

coefficient  of  normal  force,  normal  force/qS 

coefficient  of  yawing  moment,  yawing  moment/qSb 

change  in  yawing  moment  coefficient  with  sideslip  angle  (static 
directional  stability  derivative) , 1/deg 

change  in  yawing  moment  coefficient  with  deflection  of  rudder,  1/deg 
coefficient  of  sideforce,  sideforce/qS 

change  in  sideforce  coefficient  with  sideslip  angle,  1/deg 

mach  number,  velocity/speed  of  sound 

dynamic  pressure,  pounds /square  foot 

reynolds  number,  1/foot  or  dimensionless 

wing  area,  square  feet 
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SYMBOLS,  ABBREVIATIONS, 

AND  DEFINITIONS  (CONI) 

GREEK  SYMBOLS 

a angle-of-sttack,  relative  to  fuselage  reference  line,  degrees 

angle-of -sideslip,  degrees  (positive  for  airplane  nose  left  relative 
to  wind) 

AC^  change  in  coefficient  of  lift 

AC^  change  in  coefficient  of  rolling  moment 

AC^  change  in  coefficient  of  pitching  moment 

AC^  change  in  coefficient  of  yawing  moment 

AC.y  change  in  coefficient  of  sideforce 

Aa  aileron  deflection,  degrees  (positive  for  right  aileron  trailing 

edge  down,  with  left  aileron  trailing  edge  up) 

£ elevator  deflection,  degrees  (positive  trailing  edge  down) 


6r  rudder  deflection,  degrees  (positive  trailing  edge  left) 
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SYMBOLS,  ABBREVIATIONS 
AND  DEFINITIONS  (CONT) 


AXES  SYSTEMS 


Body  Axis  System:  Origin  at  Center  of  Gravity;  X-axis  parallel  to  fuselage 

reference  line,  located  within  the  plane  of  symmetry,  positive 
forward;  Y-axis  perpendicular  to  plane  of  symmetry,  positive  toward 
right  wing;  Z-axis  perpendicular  to  both  X-axis  and  Y-axis,  positive 
downward. 


Stability  Axis  System:  Same  as  Body  System  except  that  X-axis  is  aligned  with 

tunnel  axis,  positive  forward;  so  that  Z-axis  is  perpendicular  to 
tunnel  axis,  positive  downward. 


Note: 


The  Body  Axis  System  is  used  for  the  majority  of  the  presentations 
of  lateral-directional  data  in  this  report.  Some  data  are  presented 
in  both  axes  systems  as  a convenience  to  the  user.  The  Stability 
Axis  System  (lift,  drag)  is  emphasized  for  the  longitudinal  data, 
but  Body  system  (normal  force,  axial  force)  presentations  are 
included  as  a convenience. 
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INTRODUCTION 


The  objective  of  this  investigation  was  the  determination  of  the  full-scale 
static  aerodynamic  characteristics  of  the  T-2B/C  aircraft.  Specifically,  the 
changes  in  all  aerodynamic  forces  and  moments,  due  to  changes  in  angles  of 
attack  and  sideslip  and  deflections  of  control  surfaces,  were  to  be  determined. 
Thus  the  investigation  was  cJ  the  stability  and  control  type,  rather  than 
performance  or  component  design  analysis.  The  results  of  these  tests  will 
serve  as  a data  base  for  several  Naval  Air  Development  Center  (NAVAIRDEVCEN) 
research  programs. 


BACKGROUND 


Two  research  programs  in  progress  at  NAVAIRDEVCEN  involve  the  operation  of 
a Navy  T-2B/C  aircraft.  One  program  is  the  development  of  a variable  stability 
research  vehicle  based  on  the  T-2  airframe;  the  other  program  includes  the 
evaluation  and  development  of  several  different  methods  for  the  identification 
of  airframe  stability  and  control  parameters  from  flight  test  data.  Neither 
research  program  can  be  properly  executed  without  complete,  accurate  wind 
tunnel  data  for  the  basic  T-2.  The  previously  available  wind  tunnel  data  for 
the  T-2  were  entirely  inadequate  - they  covered  only  the  low  angle-of-attack 
region  and  they  actually  applied  only  to  the  T-2A,  whose  aft  lower  fuselage  is 
substantially  different  from  the  T-2B/C. 


The  parameter  identification  research  program  intends  to  eventually  develop 
a high  angle-of-attack  parameter  identification  method.  In  pursuit  of  this 
goal,  several  identification  methods  will  be  used  to  analyze  T-2B  flight  data 
from  (1)  unstalled  flight,  (2)  flight  in  the  vicinity  of  the  stall,  and  (3) 
spinning  flight.  In  order  to  reach  valid  conclusions  concerning  the  effective- 
ness of  these  methods,  it  is  necessary  that  the  full-scale  aerodynamic  character- 
istics of  the  T-2B  are  known  to  a high  order  of  accuracy  over  a range  of  angles- 
of-attack  from  the  negative  stall  angle  (about  -10°)  to  the  largest  angle-of- 
attack  encountered  in  spins  (near  90°).  Since  the  focal  point  of  the  parameter 
identification  research  is  the  departure  condition,  characteristics  just  above 
and  below  stall  angle-of-attack,  over  a large  sideslip  range,  are  of  special 
interest. 


EQUIPMENT  DESCRIPTION 


MODEL 


A .09  scale  model  of  the  Navy /Rockwell  International  T-2C  was  used  for 
this  investigation.  The  model  had  been  constructed  originally  by  Atkins  and 
Merrill,  Inc.,  of  Ashland,  Mass.,  for  use  by  the  NASA  Langley  Research  Center, 
NAVAIRDEVCEN  returned  the  model  to  A&M  for  major  modifications  in  preparation 
for  this  test.  The  model  was  of  all-aluminium  construction,  weighing 
approximately  ninety  pounds.  The  intent  of  the  design  and  construction  was  to 
model,  as  closely  as  possible,  the  features  of  the  YT-2B  aircraft  currently 
assigned  to  NAVAIRDEVCEN.  This  aircraft  is  identical  to  the  production  T-2B 
(for  which  geometric  parameters  are  given  in  Appendix  B) , with  the  exception 
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that  the  YT~2b  Is  equipped  with  a uoseboom.  A scaled  noseboom  was  therefore 
added  to  the  model.  Since  baseline  fuselage  drag  was  not  regarded  as  an 
important  factor  in  these  tests,  it  was  decided  not  to  construct  elaborate 
flow-through  ducts  simulating  actual  inlet  flow.  Instead  the  inlet  contours 
were  faired  along  the  fuselage. 


? i 


Figures  1 through  4 provide  detailed  information  on  the  geometry  of  the 
model. 

Available  control  surface  deflections  were  as  follows: 

(1)  Elevator  Deflection,  Ag  +15,  +5,  0,  -5,  -10,  -15,  -25  degrees 

(2)  Rudder  Deflection,  h 0,  ±7,  ±15,  ±25  degrees 

(3)  Aileron  Deflection,  A 0,  ±3,  ±6,  ±12  degrees  (measured  from  an  original 
uprigged  trailing  edge  position  of  3.0  degrees) 


A leveling  surface  was  located  on  the  model  for  convenient  zero  reference 
of  model  pitch  and  roll.  Photographs  of  the  model  installed  in  the  tunnel 
are  presented  in  figures  5 and  6. 


STINGS  AND  SUPPORT  SYSTEM 

The  basic  support  system  used  for  this  test  in  the  NASAnAmes  12-foot 
pressure  tunnel  was  the  "Northrop  High  Angle"  system.  The  cylindrical 
structural  member  extending  upward  from  the  tunnel  floor  is  capable  of 
independent  movements  of  two  inodes  such  that  changes  in  model  pitch  (angle-of- 
attack)  and  yaw  (sideslip)  may  be  accomplished  by  remote  control.  Unfortunately, 
the  mechanism  which  creates  this  movement  protrudes  somewhat  into  the  tunnel, 
causing  some  flow  disturbance.  This  flow  disturbance  was  analyzed  in 
reference  (a).  To  obtain  the  entire  desired  range  of  angle-of-attack,  it  was 
necessary  to  test  in  three  support  configurations,  using  a variety  of  stings 
and  other  support  system  hardware. 

In  sting  configuration  001,  the  MDG  F-4  straight  sting  (No.  32-031048) 
entered  the  model  from  the  rear,  as  shown  i . figure  7.  This  configuration 
was  used  to  gather  data  from  -8  to  +40  degrees  angle-of-attack. 

For  angles-of-attack  from  35  to  55  degrees,  sting  configuration  002  was 
used.  In  this  configuration  the  lower  support  system  was  identical  to  001, 
but  the  MDC  F-4  bent  sting  (No.  32-013049)  was  interposed  between  the  straight 
sting  and  the  model.  The  bent  sting  entered  the  model  from  above,  through  the 
area  which  corresponds  to  the  canopy  of  the  aircraft,  and  was  bent  toward  the 
rear,  so  that  the  balance  was  installed  in  the  reverse  of  the  usual  orientation. 
The  installation  is  shown  in  figure  8. 

Sting  configuration  003,  for  angles-of-attack  from  62  to  83  degrees, 
differed  from  002  oRly  in  the  deletion  of  the  "dog-leg"  in  the  lower  support 
system.  This  configuration  is  illustrated  in  figure  9. 
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"dattgleometer"h (^simple  gravit^device0^  ^ dlr*Ctly  detenuined  by  a 

in  the  nose  of  the  model.  Model  yaw  attitude*?11^!  aagular  position)  mounted 

by  allying  sting  deflection  corrections to thi^^ was  calculated 
mechanism.  ns  t0  Lhe  setting  of  the  support 


balance 


A six  component  2.0  inch  diameter  Task  , , , 

used  for  force  and  moment  measurements  fir  tT.  b“lance  <*«  HOA)  was 
001,  but  an  electrical  problem  within  the  h / rU^S  J'n  sting  configuration 
the  identical  MK  XXIB  balance  fol  stine^onf  dic£ated  the  substitution  of 

internal  balance  fit  with  a UoL  8 configurations  002  and  003.  The 

was  the  keystone  of  the  model  structure8"  Jne  e^0  balaQce  blocl:.  *hich 
bolted  to  the  sting,  so  that  the  * °n^  £nd  °f  the  balance  was  firmlv 

bear  all  forces  and  moments  transmitted*^ ' to-balance-block  interface  would 
To  assure  that  no  di^JntS^S^^  ^ ^ t0  the  -“PPo«  system. 

Place,  a fouling  circuit  was  added  to  the  install ie?™*  ^ 8UpPort  syfitem  took 
operator  to  a„y  model-sting  fouling  Jh f ^?tallation  to  alert  the  tunnel 

force  of  7000  pounds,  a sideforce  of  3^n  T 6 lijnited  to  a normal 

and  a rolling  moment  of  5000  inch-pounds.  P0UndS’  “ axial  force  of  450  pounds. 


and  ^rfo™3rrdmendSUorthe  bala^f  betWeen  the  Oleometer 

calculation  of  correction  factors  for  the  balancrSTd  ‘}ata_was  used  f°r  the 

« lance  and  danglaometer  readings. 


""  "ni>'  *»i>  PROCEDURES 


opcrat^ndlt^1 tetUCti0nS’  ,nd  tu"“el 

viev  of  the  importance  of  tunnel  operational  effi  dectlve  of  the  tests.  In 
reorganised  Into  an  effeclent  run  LhSjT  Tilt  ??;  thI“  "atril‘  ”aE 
limitations,  and  preliminary  results  obtain  ™ .restrictions,  hardware 
changes  to  the  rcu  schednle^rS  test  pr”^e«T8  S'  “>“''««■  »o«e 
runs  as  actually  done  is  glve„  as  Append??  A ' rec°rd  o£  the 


a r™,  changes  in°fontrolkdef lec^ion^d/6™  V‘‘rU<1  bP  re™te  control  during 
to  the  test  section,  so  that  the  tunnefa^  had"?  C°n£i8Uratil,“  re<>“1ted  access 
pressure  and  zero  velocity  font-*-  i c bo  be  returned  to  atmospheric 

the  brackets  which  held  the  control  surf ace ^o^he  re“P°sitioned  by  changing 
change,  the  tunnel  air  was  pressurized  and  t^en  S t Followin&  “ch  such 
fan  drive  system.  Before  each  run  t k 3 k °t  Up  t0  Speed  by  the 
irregularities  in  the  mtdel  were  careful?1  * h°leS  and  other  surface 

plaster.  1 CarefuUy  smoothed  or  filled  with  wax  or 


taken  three  times  ^heiTthe  read^100’  data  point  was  automatically 
point.  S>  th6n  thG  readln8s  were  averaged  to  results  in  a single  data 
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All  correction  factors  and  axis  system  transformations  were  applied  to 
the  data  by  an  ARO  computer  program. 


DETERMINATION  OF  OPERATING  CONDITIONS 

To  permit  straightforward  evaluation  of  the  effects  of  changes  in  model 
attitude  and  control  surface  deflections,  it  was  necessary  that  the  bulk  of 
the  data  be  gathered  with  a constant  set  of  tunnel  operating  conditions. 
Preliminary  tests  were  done  in  the  wind  tunnel  and  evaluated  to  determine 
these  conditions,  rather  than  relying  on  a priori  selection. 


REYNOLDS  NUMBER  EFFECTS 

The  maximum  Re  (Reynolds  number)  available  in  the  NASA-Ames  12-foot  pressure 
tunnel  (when  operating  at  M = .2)  was  6.0  X 10^/ft.  This  tunnel  Re  corresponds 
to  a model  Re  of  4.0  X 10^,  based  on  mean  aerodynamic  chord.  Test  runs  were 
made  at  a range  of  tunnel  Re  from  the  6.0  X 10^/ft  maximum  to  1.0  X 10^/ft. 

The  latter  is  a common  tunnel  Re  for  tests  in  unpressurized  tunnels.  It  was 
expected  that  a critical  Re  (above  which  Re  effects  would  be  insignificant) 
would  exist  within  this  range.  See  reference  (b)  for  a complete  explanation 
of  this  phenomenon. 

Plots  of  C_ , C„,  and  C as  a function  of  Re  for  various  angles-of-attack 
L D a 

are  given  as  figures  10,  11,  and  12  respectively.  It  can  be  seen  in  figure  10 
that  C tends  to  increase  with  Re  up  to  Re  ° 3 X 10^/ft,  and  then  level  off. 

Li 

The  exception  is  a = 16°,  at  which  C^  continues  to  increase  with  Re  across 

the  entire  range.  It  would  appear  from  figure  11  that  C^  is  essentially 

constant  with  respect  to  Re,  except  for  a slight  tendency  to  increase  with 
Re  at  or  ■ 40°.  As  shown  in  figure  12,  tends  to  be  constant  with  respect 

to  Re  for  Of  ■=  8,  12°,  and  becomes  slightly  more  negative  with  increasing 

Re  at  Of  * 0,  16,  20,  40°.  The  slope  of  the  vs.  Re  relationship  for 

or  = 16,  20°  is  more  shallow  above  Re  = 3 X 10^/ft  than  below. 

These  results  tend  to  indicate  that  although  a critical  Re  seems  to  exist 
at  approximately  3 X lO^/ft,  some  data  in  tne  post-stall  region  (of  = 16,  20°) 
continue  to  be  a function  of  Re  throughout  the  available  range.  The  report 
of  the  BAR  (Bihrle  Applied  Research)  consultant  supported  these  observations 
(see  Appendix  C) . On  the  basis  of  these  results,  it  was  determined  that  the 
majority  of  the  data  would  be  generated  at  Re  * 6 X 10^/ft. 

MACH  NUMBER  EFFECTS 


Operating  at  M = .4,  the  maximum  available  Re  was  4 X lO^/ft.  Thus  the 
comparison  of  M ■ .4  operation  to  operation  at  M = .2  was  conducted  at 
Re  * 4 X 10&/ft.  The  investigation  was  limited  by  structural  problems  with  the 
model  at  the  higher  operating  temperature  and  dynamic  pressure  associated 
with  M ■ .4  operation. 
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Lift  coefficient  as  a function  of  angle-of-attack  is  shown  in  figure  13 
for  both  Mach  numbers.  The  following  differences  may  be  observed:  (1)  the 
slope  of  the  pre-stall  vs.  a curve  is  slightly  increased  at  M = .4, 

(2)  the  maximum  lift  coefficient  obtained  at  M = .4  is  smaller,  and  occurs 
at  a lower  angle  of  attack,  than  the  obtained  for  M = .2. 

The  curves  for  CD  vs.  oc  for  the  two  Mach  numbers,  given  in  figure  14, 

do  not  reveal  any  differences  between  the  two  test  conditions.  In  figure 
15,  however,  the  plots  of  vs,  a show  that  pitching  moment  is  slightly 

more  negative  for  M = .4  between  a = 14°  and  a = 18°. 

In  view  of  the  previously  discussed  need  for  operation  at  Re  » 6 X 10^/ft, 
which  is  not  possible  at  M **  .4,  and  the  hardware  difficulties  encountered 
in  operation  at  H = .4,  it  was  decided  that  data  collection  would  proceed  at 
M ■»  .2.  The  limited  data  collected  at  M ° .4  is  expected  to  be  quite  useful 
in  the  process  of  estimating  the  full  scale  aircraft  characteristics  from 
the  wind  tunnel  information. 


GRIT  (TRANSITION  STRIP)  EFFECTS 

To  assure  that  the  flow  over  the  wings  and  other  components  "trips" 

(becomes  turbulent)  at  the  appropriate  point,  it  is  common  practice  to  utilize 
transition  strips,  which  consist  of  carborundum  grit  glued  to  the  surface  of 
the  model.  A detailed  discussion  of  the  use  of  transition  strips  may  be  found 
in  reference  (b) . The  strip  size,  grit  size,  and  strip  locations  for  this 
test,  as  determined  by  BAR,  are  given  in  Table  I. 

Figures  16  and  17  show  vs.  a for  the  model  with  and  without  grit,  for 

sideslip  angles  of  0°  and  30° , respectively.  The  only  obserable  difference 
between  the  "grit  on"  and  "grit  off"  cases  is  a slightly  decreased  C for  the 

li 

"grit-  on"  case  at  post-stall  angles  of  attack  at  B c 0°.  Corresponding  curves 
for  drag  coefficient  are  given  in  figures  18  and  19.  It  would  appear  that  the 
only  effect  of  grit  on  drag  is  a slight  increase  in  drag  for  the  "grit  on"  case 
at  angles-of-attack  below  stall. 

The  effects  of  the  transition  strips  appear  to  be  so  minor  that  "grit  on" 
and  "grit  off"  data  may  be  used  interchangeably,  and  it  was  decided  that  grit 
would  not  be  used  for  tests  with  sting  configurations  002  and  003.  The 
section  of  the  BAR  report  dealing  with  repeatability  in  general  and  grit 
effects  in  particular  is  given  in  Appendix  C. 


RESULTS  AND  DISCUSSION 


All  of  the  data  presented  in  this  section  were  obtained  at  the  M - .2, 

Re  = 6 X 10^/ft  tunnel  condition,  and  represent  the  best  available  information. 
Although  comments  will  be  made  on  significant  aspects  of  the  graphical 
relationships  and  on  the  general  validity  of  the  data,  no  efforts  will  be 
made  to  explain  (or  speculate  concerning)  the  various  apparent  irregularities 
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and  inconsistencies  which  inevitably  occur  in  data  collected  in  large  quantities. 
Some  of  the  obvious  trends  in  the  T-2  aerodynamic  characteristics  will  be 
discussed  as  the  results  are  presented.  However,  no  attempt  will  be  made  at 
interpretation  of  the  data,  since  the  interpretation  process  is  a function  of 
the  application.  Instead  the  data  will  be  left  in  a general  format  suitable 
for  a variety  of  applications.  The  most  generally  interesting  and  useful 
relationships  within  the  data  will  be  graphed  in  this  report,  but  an  inspection 
of  the  run  schedule  will  reveal  that  many  additional  relationships  could  be 
extracted  and  plotted  for  specific  applications. 


BASIC  AIRCRAFT,  LONGITUDINAL  CHARACTERISTICS 


This  section  is  devoted  to  the  effects  of  changes  in  angles-of-attack  and 
sideslip,  with  control  surfaces  fixed  in  the  undeflected  position,  on  the 
longitudinal  aerodynamic  characteristics. 


Figure  20  showy  one  of  the  most  basic  and  most  important  relationships: 
lift  coefficient  as  a function  of  angle-of -attack  for  various  sideslip  angles, 
At  zero  sideslip,  an  abrupt  stall  can  be  seen  at  approximately  14°  angle-of- 
attack.  With  increasing  sideslip,  the  stall  becomes  much  less  abrupt,  with 


reduced  C 


Lmax 


(occurring  at  a higher  angle-of-attack) , and  has  a substantially 


higher  C in  the  immediate  post-stall  angle-of-attack  (or  a)  region  than  for 
L 


zero  sideslip.  In  the  pre-stall  or  region,  the  C vs.  a relationship  (lift 

L 


curve  6lope)  is  quite  linear,  with  decreasing  slope  as  sideslip  increases. 

A corresponding  graph  of  C^,  (normal  force  coefficient)  as  a function  of  angle- 

of-attack  has  been  included  (figure  21)  for  use  in  analyses  for  which  body- 
oriented  axes  are  more  appropriate. 


It  can  be  seen  from  figure  22  that  drag  coefficient  increases  in  an  essentially 
linear  fashion  with  increasing  angle-of-attack  in  the  post-stall  region,  with 
little  variation  due  to  changes  in  sideslip.  The  corresponding  axial  force 
graph,  figure  23,  deserves  some  comment  because  of  its  unusual  appearance. 
Measurements  of  axial  force  are  subject  to  considerable  inaccuracy  because  the 


net  axial  force  is  the  difference  between  a positive  drag  fcrce  (Cp  cos  a)  and 


a negative  lift  force  (C  sin  or).  Since  these  forces  are  often  nearly  equal, 

L 


the  axial  force  is  relatively  3tnall,  and  the  axial  force  coefficient  scale  on 
figure  23  has  been  expanded  considerably  relative  to  the  usual  scale  for  drag 
(compare,  for  instance,  to  figure  22).  A "drag  polar"  showing  lift  coefficient 
as  a function  of  drag  coefficient,  for  sideslip  angles  of  0°  and  30°,  is  given 
in  figure  24  for  the  full  range  of  angle-of-attack  investigated.  This  graph 
does  not  present  new  information,  but  is  presented  as  a convenience  to  the  user. 


The  pre-stall  region  of  the  vs.  CQ  relationship  is  enlarged  in  figure  25. 


Pitching  moment  is  shown  as  a function  of  angle-of-attack  in  figure  26. 

It  can  be  seen  that  pitching  moment  generally  tends  to  become  more  negative 
with  increasing  angle-of-attack,  but  some  local  slope  reversals  do  occur. 
These  regions  of  positive  slope  indicate  static  instabilities  of  the  aircraft 
and  are  therefore  quite  significant.  At  zero  sideslip,  a positive  slope 
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exist?  for  angles  of  attack  between  18°  and  20° , and  at  sideslip  angles  of  20° 
or  greater  a positive  slope  may  be  seen  between  25°  and  35°  angle-of-attack. 

The  C vs.  C relationship  is  shown  in  figure  27,  and  an  expanded  view  of  the 

Li  Q1 

pre-stall  region  is  given  in  figure  28. 

Several  aerodynamic  relationships  are  essentially  linear  for  pare-stall 
angles-of-attack,  and  therefore  lend  themselves  to  the  extraction  of  stability 
derivatives  from  the  data.  In  figure  29  is  shown  as  a function  of  sideslip 

angle,  and  a similar  curve  is  given  for  Cm_  in  figure  30.  In  both  cases,  the 

function  has  a maximum  magnitude  at  zero  sideslip,  and  decreases  quite 
significantly  with  increasing  magnitude  of  sideslip  angle. 

Some  aerodynamic  characteristics  of  the  T-2B  for  pre-stall  angles-of- 
attack  were  estimated  by  the  aircraft  manufacturer  in  Appendix  I of  reference  (c) 
The  estimate  of  is  .082/degree,  which  agrees  exactly  with  the  of 

figure  29,  for  the  zero  sideslip  case.  When  corrected  for  center -of-gravity 
location,  the  estimate  of  is  -. 017/deg,  which  is  quite  close  to  the  zero 

sideslip  of  -.018  given  in  figure  30. 

Reference  (d)  contains  previous  estimates  of  T-2B  drag  characteristics. 

The  estimate  of  CDq  is  .023,  while  it  may  be  concluded  from  figure  25  that 

Cq0  for  these  tests  was  .014.  In  fact,,  a comparison  of  the  reference  (d) 

drag  polar  with  the  current  test  drag  polar  (both  are  shown  in  figure  25) 
clearly  indicates  a significantly  smaller  amount  of  drag  on  the  model  used 
in  these  tests,  but  the  shapes  of  the  drag  polars  are  quite  similar.  As 
previously  stated,  these  tests  were  oriented  toward  stability  and  control 
information,  rather  than  performance  information,  so  the  shape  of  the  drag 
polar  is  considerably  more  important  that  the  offset  relative  to  other  estimates, 
The  most  probable  cause  of  the  drag  polar  offset  is  the  smoothing  of  the 
fuselage  in  the  area  of  the  inlets  on  the  current  model. 

BASIC  AIRCRAFT,  LATERAL-DIRECTIONAL  CHARACTERISTICS 

Sideforce  coefficient  is  plotted  as  a function  of  sideslip  angle  for 
selected  angles-of-attack  in  figure  31.  For  a symmetric  model  and  synreetric 
wind  tunnel  flow-field,  the  sideforce  coefficient  whould  clearly  be  zero  at  a 
sideslip  angle  of  zero.  For  the  001  sting  mount  this  condition  does  prevail, 
but  such  is  not  the  case  for  the  002  and  003  sting  mounts.  A direct  comparison 
may  be  made  on  the  figure  31  graph  for  40°  angle-of-attack.  This  plot  shows 
that  the  C^  vs.  9 function  is  both  translated  and  rotated  (i.e.,  it  has  a 

9teeper  slope)  when  the  002  sting  mount  is  substituted  for  the  001.  It  is 
possible  that  the  sting,  entering  the  model  through  the  upper  surface  of  the 
forward  portion  of  the  fuselage,  disrupts  the  flow  over  the  vertical  tail, 
which  may  still  create  some  sideforce  at  very  high  angles-of-attack.  Somewhat 
more  plausible  is  the  hypothesis  that  the  model  was  simply  mounted  out  of 
alignment  on  the  002  sting,  thus  shifting  the  scale  of  sideslip  angle  which  is 
measured  at  the  base  of  the  support  system.  This  theory  is  supported  by  the 
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observation  that  the  zero  sideforce  intercept  (approximately  -3°  sideslip)  is 
independent  of  angle-of-attack. 

Sideforce  data  are  shown  for  two  elevator  settings,  since  elevator  position 
could  conceivably  change  the  air  flow  pattern  over  the  vertical  tail.  It  is 
apparent  from  figure  31,  however,  that  sideforce  characteristics  are  not 
dependent  upon  elevator  position. 

Rolling  moment  due  tc  sideslip,  known  as  dihedral  effect,  may  be  evaluated 
from  figures  32  and  33.  Figure  32  shows  rolling  uoments  measured  in  body  axes, 
while  figure  33  shows  the  same  data  after  transformation  to  the  stability  axis 
system.  The  aircraft  exhibits  positive  dihedral  effect  (i.e.,  the  slope  of 

vs.  8 is  negative)  throughout  the  ang..e-of-attack  range,  except  that  a slope 

reversal  occurs  for  small  sideslip  angles  at  15°  a,  which  is  the  stall  angle- 
of-attack.  In  addition  to  the  slope  reversal,  a non-zero  rolling  moment 
exists  at  zero  sideslip  for  angles-of -attack  from  15°  to  30°,  indicating  that 
the  air  flow  over  the  model  is  asymmetric  in  the  post-stall  situation.  The 
lack  of  flow  symmetry  may  result  from  subtle  asynmetries  in  the  model,  or 
curvature  of  the  basic  flow  in  the  tunnel,  or  asymmetric  vortex  conditions 
on  the  model.  The  slope  of  the  vs.  8 curve  (body  axis)  for  small  sideslip 

angles  is  shown  as  a function  of  angle-of-attack  in  figure  37.  While  some 
inconsistency  exists  in  the  data  with  respect  to  the  different  sting  mounts 
used,  there  is  a definite  trend  of  increasing  dihedral  effect  with  increasing 
angle-of-attack  throughout  the  entire  range  of  test  conditions. 

Yawing  moment  coefficient  is  plotted  as  a function  of  sideslip  angle  (for 
angles  between  -10°  and  ±10°)  for  various  angles-of-attack  in  figures  34  and 
35  (body  axis  system  and  stability  axis  system,  respectively).  In  the  body 
axis  system,  the  relationship  between  and  6 is  positive  for  pre-stall 

angles-of-attack  and  for  a's  greater  than  50°.  For  the  remaining  range  of 
angle-of-attack,  is  either  constant  or  does  not  seem  to  vary  in  any  consistent 

fashion  with  sideslip  angle.  The  graphs  for  30°  and  40°  angle-of-attack  show 
little  agreement  between  sting  001  data  and  sting  002  data.  As  in  the  case 
of  rolling  moment,  some  non-zero  yawing  moments  were  recorded  at  zero  sideslip 
and  post-stall  angles-of-attack.  Relatively  large  positive  yawing  moments 
were  also  found  for  zero  sideslip  at  angles-of-attack  of  62°  and  72°. 

In  figure  38  the  slope  of  the  vs.  0 relationship,  for  those  cases 

possessing  sufficiently  linearity  for  the  concept  of  "slope"  to  be  applicable, 
ia  shown  as  a function  of  angle-of-attack.  It  would  appear  that  the  aircraft 
has  a high  degree  of  natural  directional  stability  except  for  the  angle-of- 
attack  region  between  15°  and  40°,  in  which  there  is  essentially  no  stability. 

No  consistent  effect  of  elevator  position  is  observable  in  the  data  for 
rolling,  yawing,  or  sideforce  effeci;, 

ELEVATOR  EFFECTNESS 

For  angles-of-attack  below  40°,  the  ability  of  the  elevator  to  create 
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pitching  moments  was  thoroughly  investigated.  Figure  39  shows  pitching 
moment  coefficient  as  a function  of  elevator  deflection  for  various  angles-of- 
attack.  For  pre-stall  (i.e.,  less  than  15°)  angles-of-attack,  this  functional 
relationship  is  quite  linear  for  elevator  deflections  between  +10°  and  -15°. 
Beyond  +10°  deflection  the  incremental  effectiveness  is  reduced  significantly, 
and  deflections  more  negative  than  -15°  are  useless  or  worse.  For  angles-of- 
attack  from  18°  to  40°,  elevator  effectiveness  is  still  roughly  linear  for  small 
elevator  deflections,  but  the  magnitude  of  the  effectiveness  (i.e.,  the  slope 
of  the  curve)  is  reduced  to  about  half  of  its  value  for  pre-stall  angles-of- 
attack.  The  elevator  effectiveness  for  small  deflections  is  plotted  in  figure 
40  as  a function  of  angle-of-attack. 


Referring  again  to  figure  39,  it  is  clear  that  increasing  angle-of-attack 
tends  to  increase  the  incremental  effectiveness  of  large  negative  deflections. 
At  40°  angle-of-attack,  for  instance,  the  pitching  moment  coefficient  change 
due  to  deflection  of  the  elevator  from  0°  to  -25°  is  nearly  twice  the  change 
which  is  obtained  by  a deflection  from  0°  to  -15°. 


The  change  in  lift  coefficient  due  to  full  negative,  and  positive,  elevator 
deflection  is  shown  in  figures  41  and  42,  respectively,  for  the  full  range  of 
angle  of  attack. 

Figure  43  shows  the  change  in  pitching  moment  coefficient  due  to  deflection 
of  the  elevator  from  0°  to  -25°,  for  rudder  deflections  of  0°  and  +25°  (full 
left  rudder)  and  sideslips  of  0°  and  30°.  Similar  data  for  elevator  deflection 
from  0°  to  -15°  is  given  in  figure  44,  but  no  data  are  available  for  varying 
rudder  deflection  or  for  angles-of-attack  beyond  55°.  Several  significant 
observations  may  be  made  about  the  data  presented  on  these  figures.  Most 
important,  ui.der  no  circumstances  does  elevator  effectiveness  become  zero. 

With  increasing  angle-of-attack,  elevator  effectiveness  increases  until  stall, 
then  decreases  steadily  beyond  stall.  In  the  30"  sideslip  condition,  elevator 
effectiveness  for  negative  control  deflection  is  c ' *nificantly  reduced  (relative 
to  the  zero  sideslip  case)  for  angles-of-attack  greater  than  20°.  For  positive 
deflections,  however,  the  most  significant  effectiveness  reduction  due  to 
sideslip  occurs  for  angles-of-attack  less  than  10°.  .Ludder  position  seems  to 
have  no  significant,  consistent  effect  on  elevator  effectiveness. 


M 


i 


AILERON  EFFECTIVENESS 


Rolling  moment  coefficient  as  a function  of  aileron  deflection  is  shown 
in  figure  45  for  various  angles-of-attack  up  to  40°,  and  sideslip  angles  of 
0°,  -10°,  and  10°.  Time  did  not  permit  the  use  of  intermediate  negative 
aileron  deflections  during  the  test  period,  so  results  are  shown  in  figure  45 
only  for  positive  aileron  deflections.  For  angles-of-attack  below  14°,  the 
relationship  of  Cj  vs.  6^  is  relatively  linear,  with  a negative  slope,  as 

would  be  expected.  Beyond  stall  angle-of-attack,  however,  an  unusual  pattern 
develops.  The  curves  for  +10°  and  -10°  sideslip  angles  remain  well-behaved, 
being  nearly  linear  but  with  slightly  decreased  slopes  relative  to  pre-stall 
conditions.  At  zero  sideslip  a significant  rolling  moment  exists  at  zero 
aileron  deflection  for  several  angles-of-attack.  At  15°,  16°,  18*,  and  20° 
angle-of-attack,  the  rolling  moment  coefficient  for  3°  aileron  deflection  is 
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excessively  positive,  yielding  a C.  vs.  ft  slope  which  is  positive,  indicating 

a control  reversal.  At  16°  angle-of -attack,  the  zero  offset  is  so  large  that 
a control  reversal  is  indicated  for  the  entire  positive  deflection  range. 

The  slope  of  the  vs.  relationship  (C^  , the  aileron  effectiveness 

£L 

derivative)  is  plotted  as  a function  of  angle-of-attack  in  figure  46.  As 
mentioned  above,  the  relationship  is  rather  nonlinear  for  angles-of-attack 
from  14°  to  20° , so  that  cannot  be  accurately  measured  in  this  region. 

Dealing  with  aileron  effectiveness  over  the  entire  angle-of-attack  range, 
the  change  in  rolling  moment  coefficient  due  to  full  aileron  deflection  is 
sho’m  in  figures  47  and  48  (for  positive  and  negative  deflections,  respectively). 
A general  trend  exists  for  aileron  effectiveness  to  decrease  with  angle-of- 
attack.  The  data  for  positive  deflections  shows  control  reversals  at  16°  and 
30°  angles-of-attack,  a large  discrepancy  between  sting  001  and  002  results 
for  angles-of-attack  between  30°  and  40°,  and  a great  deal  of  data  scatter  for 
angles-of-attack beyond  65°.  The  data  for  negative  deflections  are  considerably 
more  consistent,  showing  some  irregularity  for  angles-of-attack  from  15°  to  30°, 
and,  again,  a great  deal  of  scatter  for  angles-of-attack  beyond  65°. 

Considering  the  various  irregularities  present  in  the  aileron  effectiveness 
data,  it  is  difficult  to  reach  specific  compulsions.  In  general,  it  would 
appear  that  the  ailerons  are  effective  control  surfaces  for  the  angle-of-attack 
range  up  to  65° , except  that  their  behavior  seems  somewhat  irregular  and 
unpredictable  for  angles-of-attack  from  16°  to  20°. 

Yawing  moments  due  to  aileron  deflections  are  quite  significant  for  some 
aircraft.  Yawing  moment  coefficients  for  the  T-2  as  a function  of  positive 
aileron  deflections,  for  various  angles-of-attack  and  three  sideslip  angles, 
are  given  in  figure  49.  It  is  clear  from  these  graphs  that  aileron  deflections 
cause  essentially  no  yawing  moment  except  in  the  15“  to  20°  angle-of-attack 
range.  Within  this  narrow  range,  positive  aileron  deflections  tend  to  cause 
positive  yawing  moments,  and  some  data  points  indicate  that  the  yawing  moment 
coefficients  due  to  full  aileron  deflection  might  be  as  large  as  the  yawing 
moment  coefficient  due  to  a 10°  sideslip. 

The  change  in  yawing  moment  coefficient  due  to  full  aileron  deflection  is 
shown  in  figures  50  and  51  (for  positive  and  negative  aileron  deflections, 
respectively)  as  a function  of  angle-of-attack  for  two  sideslip  angles. 
Considerable  scatter  is  evident  in  the  data,  and  only  very  general  observations 
can  be  made.  Positive  deflections  cause  positive  yawing  moments  in  most  cases, 
and  negative  deflections  cause  negative  moments.  This  relationship  is  known 
as  "aileron  adverse  yaw".  Angle-of-attack  variation  seems  to  have  little 
effect  on  the  magnitude  of  the  yawing  moment  coefficients  created  by  aileron 
deflections,  and  there  also  seems  to  be  no  consistent  difference  between  the 
zero  sideslip  and  30°  sideslip  cases. 

RUDDER  EFFECTIVENESS 

Yawing  moment  coefficient  is  shown  in  figure  52  as  a function  of  positive 
rudder  deflection.  For  angie-of-attack  below  14°,  and  from  25°  to  40  , the 
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functional  relationship  is  very  well  behaved;  the  yawinf  moment  is  zero  for 
zero  sideslip  and  zero  deflection,  the  curve  has  a negative  slope,  and  the 
relationship  is  linear  for  the  entire  deflection  range.  For  angles-of -attack 
between  14°  and  25°,  small  zero  deflection  offsets  do  exist,  and  the  data 
points  exhibit  some  scatter.  Only  one  data  point  (18°  angle  of  attack,  7° 
rudder  deflection)  indicates  a control  reve*-aal,  bur  data  scatter  alone  may 
account  for  the  displacement  of  this  dar-^  point.  The  slope  of  the  vs. 

relationship  (Cn;  , the  rudder  effectiveness  derivative)  is  plotted  in  figure 

53  with  angle-of-attack  as  the  independent  variable.  Rudder  effectiveness  is 
seen  to  be  essentially  invariant  with  angle-of-attack  in  the  pre-stall  region. 

The  effectiveness  is  also  nearly  constant  in  the  post-stall  region,  but  at  a 
value  which  corresponds  to  less  than  half  the  pre-stall  effectiveness. 

Data  for  yawing  moment  coefficient  created  by  full  rudder  deflection  are 
presented  in  figuras  54  and  55  (for  positive  and  negative  deflections,  respectively) 
as  a function  of  angle-of-attack.  These  data  appear  to  be  rather  clean  (i.e., 
free  from  scatter  and  irregularities)  except  in  the  sting  overlap  region  (35° 
to  40°  angle-of-attack).  With  increasing  angle-of-attack,  the  yawing  moments 
are  initially  constant  (for  pre-stall  angles-of-attack) , then  drop  relatively 
rapidly  to  a lower  level,  and  then  slowly  taper  off  to  zero  over  the  remainder 
of  the  angle-of-attack  range  (25°  to  83°). 

In  the  process  of  producing  yawing  moments,  the  rudder  also  produces 
sideforce  which  may  have  a significant  effect  on  aircraft  dynamics.  Sideforce 
coefficient  is  shown  in  figure  56  as  a function  of  rudder  position,  for  various 
angles-of-attack  (below  40°)  and  sideslip.  For  all  the  conditions  shown  in 
figure  56,  sideforce  increases  in  essentially  a linear  fashion  with  increasing 
positive  rudder  deflection.  At  several  angles-of-attack,  some  sideforce  was 
recorded  for  zero  sideslip  and  zero  rudder  deflection,  but  no  pattern  i3 
discernable  and  data  scatter  is  the  most  plausible  explanation. 

The  change  in  sideforce  coefficient  due  to  full  rudder  deflection  as  a 
function  of  angle-of-attack  (for  zero  sideslip  and  30°  sideslip)  is  given  in 
figures  57  and  58  (for  positive  and  negative  deflections  respectively) . The 
data  trends  are  quite  similar  to  those  of  the  yawing  moment  data,  and  most  of 
the  same  comments  apply.  Certainly  the  most  curious  feature  of  the  data  is  the 
large  magnitude,  and  sudden  reversal  in  sign,  of  the  sideforce  due  to  negative 
rudder  deflection  for  30°  sideslip  at  angles-of-attack  near  40°.  The  number  of 
data  points  involved  in  this  phenomenon!  would  seen  to  be  large  enough  to  rule 
out  data  scatter  or  other  random  measurement  error  as  the  cause  of  the  unusual 
results. 

Since  the  rudder  is  located  above  the  roll  axis  of  the  T-2,  rudder  deflection 
also  produces  a rolling  moment.  This  direct,  static  lolling  moment  must  not 
be  confused  with  the  dynamic  roiling  moment  due  to  dihedral  effect  following 
sideslip  excursion  due  to  rudder  deflection.  It  is  this  dynamic  rolling  moment, 
rather  than  the  static  moment,  which  causes  the  rudder  to  be  more  effective 
roll  control  device  than  the  ailerons  at  some  flight  conditions. 

The  coefficient  of  the  static  rolling  moment  is  given  in  figure  59  as  a 
function  of  rudder  deflection  for  various  angles-of-attack  and  sideslip  angles 
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of  10°,  0°,  and  -10°.  At  pre-stall  angles-of-attack,  positive  rudder  deflections 
cause  positive  rolling  moments  in  essentially  a linear  fashion.  The  effect, 
however,  is  quite  small  relative  to  the  dihedral  effect  due  to  10°  sideslip. 

Near  stall  angle-of-attack,  dihedral  effect  decreases  considerably,  but  is  still 
large  compared  to  the  rudder  rolling  effect.  The  roll  due  to  rudder  is  difficult 
to  evaluate  near  stall  (angles-of-attack  of  15°  and  16°)  for  zero  sideslip 
because  the  data  are  quite  erratic,  although  the  data  for  sideslip  angles  of  10° 
and  -10°  seem  consistent.  For  post-stall  angles-of-attack,  there  is  essentially 
no  change  in  rolling  moment  as  a result  of  rudder  deflection. 

One  of  the  more  interesting  aspects  of  the  data  shown  in  figure  59  is  the 
frequent  occurence  of  substantial  zero  offsets,  i.e.,  non-zero  rolling  moment 
coefficients  at  zero  rudder  deflection  and  zero  sideslip.  The  offsets  range 
from  zero  to  -.013.  They  are  always  negative,  but  seem  to  have  no  clear 
dependence  on  angle-of-attack.  These  rolling  moment  coefficients  at  zero 
deflection  and  zero  sideslip  are  far  too  large  to  be  attributed  to  random 
measurement  error,  and  must  result  from  asymmetric  airflow. 

The  changes  in  rolling  moment  coefficient  due  to  full  rudder  deflections 
are  given  in  figures  60  and  61  (for  positive  and  negative  deflections,  respectively). 
The  data  are  quite  scattered,  and  only  general  conclusions  can  be  reached. 

Positive  rudder  deflections  tend  to  cause  positive  'oiling  moments,  and  negative 
deflections  tend  to  produce  negative  moments.  Little  variation  with  angle-of- 
attack  is  observable,  and  30°  sideslip  angle  data  are  noticeably  different  from 
zero  sideslip  data  only  for  angles-of-attack  above  50°. 

STING  INTERFERENCE  EFFECTS 

As  explained  earlier,  it  was  necessary  to  use  three  different  sting  support 
configurations  to  span  the  entire  angle-of-attack  range  from  -8°  to  +83°. 

Stings  002  and  003  differed  only  with  respect  to  the  lower  support.  A change 
from  002  to  003  should  only  have  a very  minor  effect  on  the  aerodynamics  of 
the  model,  since  the  model  will  be  located  in  a different  position  in  the 
tunnel,  and  the  tunnel  flow  field  is  not  perfectly  uniform.  A change  from 
001  to  002,  however,  could  have  large  effects  on  the  airflow  over  the  model, 
since  the  point  of  entry  of  the  sting  into  the  model  is  substantially 
different. 

An  examination  of  the  results  reveals  that  large  discontinuities  did 
occasionally  occur  in  the  angle-of-attack  range  for  which  data  was  obtained 
with  both  stings  001  and  002.  In  figures  21  and  22,  for  instance,  the  value 

of  C and  C obtained  from  stiug  001  data  (in  the  30°  to  40°  angle-of-attack 

L*  D 

range)  are  noticeably  larger  than  the  comparable  values  obtained  from  002  data. 

In  some  cases,  however,  rapid  changes  in  aerodynamics  occurring  at  angle-of- 
attack  between  30°  and  40°  are  not  due  to  sting  interference  effects.  The 
change  in  lift  coefficient  due  to  full  negative  elevator  deflection  (figure 
41),  and  the  change  in  rolling  moment  coefficient  due  to  full  positive  aileron 
deflection  (figure  47)  are  examples  of  the  latter  situation,  since  sting  001 
data  points  exist  on  both  sides  of  the  apparent  discontinuities. 
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CONCLUSIONS  AND  RECOMMENDATIONS 
CONCLUSIONS 

1.  The  data  presented  in  this  report  are  sufficient  in  quantity  and  quality  to 
fully  define  the  static  aerodynamic  characteristics  of  the  T-2  aircraft  in  low 
speed  flight  for  purposes  of  computer  simulation  or  reference  values  for 
parameter  identification  from  flight  test  data. 

2.  The  lack  of  data  for  dynamic  conditions  and  for  power  effects  cause  the 
results  presented  herein  to  be  insufficient  for  complete  simulation  of  the  flight 
of  a T-2  aircraft. 

3.  The  T-2  exhibits  a linear  pre-stall  lift  curve,  terminated  by  an  abrupt 
stall  at  approximately  15°  angle-of -attack. 

4.  For  zero  sideslip,  static  pitch  instability  is  present  only  for  angles-of- 
attack  between  18°  and  20°. 

5.  The  T-2  exhibits  positive  dihedral  effect  throughout  the  angle-of -attack 
range,  except  that  a slope  reversal  occurs  for  small  sideslip  angles  at  15° 
angle  of  attack. 

6.  The  T-2  aircraft  seems  to  have  a relatively  high  natural  yaw  stability  for 
angles-of-attack  below  15°  or  above  40°.  At  angles-of-attack  between  15°  and 
40°,  however,  the  yaw  stability  seems  to  be  essentially  zero. 

7.  Elevator  effectiveness  is  essentially  constant  with  increasing  angles-of- 
attack  until  the  stall  angle  (15°)  is  achieved.  At  stall,  the  effectiveness 
drops  sharply  to  approximately  half  its  pre-stall  value.  Effectiveness  then 
decreases  slowly  with  increasing  angle-of-attack,  but  under  no  conditions  is 
the  effectiveness  reduced  to  zero  or  reversed  in  sign. 

8.  For  angles-of-attack  below  14°  or  between  35°  and  65°,  aileron  effectiveness 
is  relatively  high.  At  other  angles-of-attack  the  effectiveness  is  difficult 

to  assess  accurately,  but  it  is  clear  that  the  ailerons  are  less  effective  in 
the  14°  to  35°  angle-of-attack  region  than  at  other  angles-of-attack. 

9.  In  general,  the  T-2  ailerons  exhibit  adverse  yaw,  but  the  effect  is  small 
and  difficult  to  measure  accurately. 

10.  The  yaw  effectiveness  of  the  rudder  varies  with  respect  to  angle-of-attack 
in  the  same  fashion  as  the  elevator  effectiveness  variation.  Beyond  70°  angle- 
of-attack  the  effectiveness  is  essentially  zero. 

11.  Positive  rudder  deflections  tend  to  cause  positive  rolling  moments  and 
vice  versa,  but  the  effect  is  small  and  difficult  to  measure  accurately. 

12.  All  data  taken  in  the  30°  to  40°  angle-of-attack  range  should  be  used  with 
caution,  since  some  discrepancies  exist  between  data  obtained  with  the  001 
sting  configuration  and  those  obtained  with  the  002  configuration. 
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1.  The  utility  of  the  data  obtained  in  this  investigation  would  be  greatly 
enhanced  if  dynamic  data,  i.e.,  variation  of  aerodynamic  forces  and  moments 
due  to  pitch,  roll,  and  yaw  rates,  could  be  obtained  with  the  same  wind  tunnel 
model.  Therefore  it  is  recommended  that  every  effort  be  made  to  obtain  dynamic 
data  in  the  near  future. 
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FIGURE  1.  GENERAL  ARRANGEMENT  OF  .09  SCALE  T-2C  WIND  TUNNEL  MODEL 
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FIGURE  8 


WIND  TUNNEL  STING  INSTALLATION  (STING 
CONFIGURATION  002,  INTERMEDIATE  ANGLE 
OF -ATTACK  DATA  RANGE) 
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TUNNEL  INSTALLATION 
HIGH  ANGLE  OF  ATTACK  DATA  RANGE 
( 60 u TO  69°  ) 


FIGURE  9. 


WIND  TUNNEL  STING  INSTALLATION  (STING 
CONFIGURATION  003,  HIGH  ANGLE -OF -ATTACK 
DATA  RANGE) 
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FIGURE  11.  COEFFICIENT  OF  DRAG  VERSUS  REYNOLDS  NUMBER  FOR 
VARIOUS  ANGLES -OF -ATTACK 


t»***r<*»j 


A%.W>7S3t5S>-2® 


M «»  „ 2 
0-0° 
STING  001 


« u°,  RUNS  2,  9,  16,  23,  30.  37 

=»  8°'  RIJNS  3.  10,  17,  24,  31,  38 
■ 12°,  RUNS  4,  II,  18,  25,  32,  39 

“ 16%  RUNS  5 , 12,  19,  26,  33.  40 

= 20* , RUNS  6,  13,  20,  27,  34.  41 

=•-  40%  RUNS  7,  14,  21,  28.  35,  42 


!.  : O.. 


REYNOLDS  NUMBER,  Re  X 10"°/FTI 

!“  . -r.  . ..l ''  . 


ij 


3'  -oA  J 


• -0" 


FIGURE  12.  COEFFICIENT  OF  PITCHING  MOMENT  VERSUS  REYNOLDS  NUMBER 
FOR  VARIOUS  ANGLES -OF -ATTACK 
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FIGTOE  21.  COEFFICIENT  OF  NORMAL  FORCE  VERSUS  ANCLE -OF -ATTACK  FOR  SIDESLIP  VARIATION 
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FIGURE  24.  COEFFICIENT  OF  LIFT  VERSUS  COEFFICIENT  OF  DRAG  FOR  FULL  RANGE  OF  AOGLE-0F -ATTACK 
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FIGURE  25.  COEFFICIENT  OF  LIFT  VERSUS  COEFFICIENT  OF 
DRAG  FOR  LOW  ANCLE 3 -OF  -ATTA CK 
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FIGURE  33.  COEFFICIENT  OF  ROLLING  MOMENT  VERSUS 

ANGUS -OF -SIDE SLIP  FOR  VARIOUS  ANGLES-OF- 
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FIGURE  33.  COEFFICIENT  OF  ROLLING  MOMENT  VERSUS 
(CONT)  ANGLE-OF-SIDESLIP  FOR  VARIOUS  ANGLES-OF- 
ATTACK  AT  TWO  ELEVATOR  DEFLECTIONS 
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FIGURE  34.  COEFFICIENT  OF  YAWING  MOHENT  VERSUS  AHGL3-0F-SIDESLIP  FOR  VARIOUS  ANGLES-OF -ATTACK  AND 
DEFLECTIONS  (BODY  AXIS  SYSTEM) 
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FIGURE  40.  ELEVATOR  EFFECTIVENESS  VERSUS  ANGLE-OF -ATTACK. 
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FIGURE  53.  RUDDER  EFFECTIVENESS  VERSUS  ANGLE -OF -ATTACK 
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FIGURE  59.  ROLLING  MOMENT  COEFFICIENT  VERSUS  RUDDER  DEFLECTION  FOR 
(CONT)  VARIOUS  ANGLES -OF -ATTACK  (FOR  THREE  SIDESLIP  ANGLES) 
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TRANSITION  STRIPS1 


SURFACE 

GRIT  STRIP  LOCATION 

Wing 

Spanwise  along  upper  surface  at  51  of  local  chord2 

Horizontal  Stabilizer 

Spanwise  along  upper  surface  at  51  of  local  chord2 

Vertical  Stabilizer 

Extending  vertically  along  51  local  chord2 

Dorsal  Fin 

Along  5%  local  chord2 

Nose 

Ring  1.0  inch  from  tip  of  nose2 

Upper  Fuselage 

Longitudinal,  just  below  and  parallel  to  canopy 
rail  beginning  5.4  inches  aft  of  the  nose  and 
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the  nose  and  extending  17.0  inches 
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APPENDIX  B 

GEOMETRIC  PARAMETERS  CP  FULL-SCALE  T-2 
(from  reference  (c)) 


WING 


c 

r 


c 


v 


A 


v 


i 


w 


0 


w 


Total  area  (includes  flap,  aileron  and 
39,39  ft^  covered  by  fuselage) 

Net  surface  area  (wetted) 

Span  (perpendicular  to  plane  of 
symmetry)  including  tiptanks 

Aspect  Ratio 

Taper  Ratio 

Dihedral  Angle 

Chord  (in  streamline  direction) 

Root  (Wing  Sta.  0) 

Tip  Chord  (Wing  Sta.  214.242) 
(Equivalent) 

Mean  aerodynamic  chord 
(Wing  Sta.  95.078) 

Location  of  25%  MAC 
Sweepback  of  25%  element 
Incidence  angle 
Root  Chord 
Tip  Chord 

Airfoil  Section  (root  and  tip  in 
streamline  direction) 

*NAA  Modified 


Rate  of  Taper 


254.86  ft2 
424.85  ft2 

38.13  ft 
5.07 
.496 
+3° 

114.20  in 
56.63  in 

88.88  in 

F.S.  219.697 
2°17 1 

2° 

-1° 

NASA641A212 
2 “ .8*  (MOD) 
(flaps  and 
ailerons  rigged 
3°  up) 

0.2671 
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FLAP  (Data  for  One) 
Type 

S,.  Area 


c£/c 
f w 

Mb 

f w 


Span  (perpendicular  to  plane  of  synmetry) 
Inboard  chord  (Wing  Sta.  27.09) 

Outboard  chord  (Wing  Sta.  127.54) 

Ratio  flap  chord  to  wing  chord  (avg.) 
Ratio  flap  span  to  wing  semi-span 


Flap  deflection,  maximum  (from  uprigged 
position) 

Flap  in  neutral  position 


AILERON 


Single  Slotted 
22.78  ft2 
101.75  in 
39.39  in 
29.63  in 
.37 
.475 

33° 

3°  Up 


\ 

Type 

Straight  Sided 

1 

S 

a 

Area  (aft  of  hinge  line  and  including  tab) 

9.5  ft2 

P; 

| 

% 

b 

a 

Span  (perpendicular  to  plane  of  synmetry) 

79.57  in 

E 

| 

Ci 

Inboard  chord  (Wing  Sta.  128.69) 

20  in 

t 

c 

o 

Outboard  chord  (Wing  Sta.  208.26) 

14.66  in 

i; 

f: 

c /c 
a v 

Ratio  aileron  chord  (aft  H.L.)  to  wind  chord 

.25 

\ 

l 

| 

b /b 
a w 

2 

Ratio  aileron  span  to  wind  semi-span 

.374 

i 

i 

l. 

6 

a 

Aileron  deflection,  maximum  (from  neutral 
position) 

-12°  Up,  +13°  Dn 

i 

V 

Aileron  in  neutral  position 

3°  Up 

i 

Aerodynamic  Balance 

Sealed  paddle 
balance 

1 

1 

Sb 

Balance  area  forward  of  the  H.L. 
(including  50X  of  fabric  seal) 

4.45  ft2 

c./c 
b a 


Ratio  balance  chord  to  aileron  chord 


.42 
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AILERON  - (Cont'd) 

Static  balance 


Irreversible  full  power  system 
AILERON  TRIM  TAB 


Ground  adjustable  fixed  tab  on  each 
aileron 


Area  (each) 


HORIZONTAL  TAIL* 


Total  area  (includes  3.07  ft2  covered 
by  vertical  tail  and  fairing) 


net. 


Net  area 


uh 

ARh 

X. 


s, 


Net  surface  area  (wetted) 

Span 

Aspect  Ratio 
Taper  Ratio 
Dihedral  Angle 
Sweepback  of  25Z  element 
Chord  (in  streamline  direction) 
Root  (H.T.  Sta.  0) 
Equivalent  tip  chord 
(H.T.  Sta.  106.488) 

Mean  aerodynamic  chord 
(H.T.  Sta.  47.78) 
Incidence  angle 


Airfoil  section  (root  and  tip  in  streamline 
direction) 


Weighted  paddle 
balance 


Hydraulic 


.07  ft2 


72.29  ft2 
69.22  ft2 

146.38  ft2 
17.91  ft 
4.42 
0.50 
0° 

15° 


64.61  in 
33.05  in 


50.447  in 


NASA  65A012 


★Percent  lines  base  on  horizontal  prior  to  addition  of  trailing  edge  extension. 


3-5 


NA DC-73259-30 


HORIZONTAL  TAIL  - (Cont'd) 

Hi  Tail  length  (.25  c to  .25  c.  ) 

w h 

horizontal  stabilizer 

Ss  Area  stabilizer,  total 

■^s  Stabilizer  incidence  angle 

elevator 

^e  Total  area  (excluding  balance  area  forward 

of  the  hinge  line) 

be  sPan  (between  equivalent  chords) 

(one  elevator  only) 

c±  Inboard  chord  (B.P.  3.906) 

Co  Outboard  chord  (B.P.  105.877) 

Ce^Ch  Ratio  elevator  chord  (aft  H.L.)  to 

horizontal  tail  chord 

be/bh  Ratio  elevator  span  to  horizontal  tail 

span 

Ae  Elevator  deflection  maximum 

Boost:  Push  force  2.95:1 

Pull  force  2.95:1  to  8 lbs 
then  6.0:1 
Static  balance 

Aerodynamic  balance 

Sb  Balance  area  forward  of  hinge  line 

cb^Ce  Ratio  balance  chord  to  elevator  chord 
Nose  factor 

Point  of  tangency  for  nose  factor  is 
at  elevator  hinge  line 


202.58  in 

42.5  ft2 
0° 

21.00  ft2 

101.97  in 
18.85  in 
10.52  in 

.310 

0.936 

27°  Up,  15°  Dn 
Hydraulic 


Weighted  Leading 
Edge 


Overhang 
5.72  ft2 
0.322 
0.60 
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ELEVATOR 

TRIM  TAR 

St 

Area  (each) 

2.36  ft2 

bt 

Span,  Equivalent  (B.P.  8.93  to  54.53) 

46.10  in 

Ct 

Chord,  constant 

6.5  in 

bt/be 

Ratio  tab  span  to  elevator  span 

0.462  <n 

6 

c 

Tab  deflection 

L.H.  10°  Up, 
13°  Dn 
R.H.  0°  Up, 
13°  Dn 

VERTICAL  TAIL 

S 

V 

Total  area  (includes  4.38  ft2  blanketed 
by  fuselage  plus  2.14  ft2  blanketed  by 
horizontal  tail) 

40.33  ft2 

S „ 
net 

V 

Net  area 

33.86  ft2 

A 

V 

Net  surface  area  (wetted) 

79.18  ft2 

Ad 

Net  surface  area  of  dorsal  fin  (wetted) 

18.12  ft2 

b 

V 

Span,  unblanketed 

8.04  ft 

AR 

V 

Aspect  Ratio 

1.80 

> 

V 

Taper  Ratio 

.375 

c 

r 

Chord  (in  streamline  direction) 

Root  (W.P.  + 33.000) 

78.14  in 

Ct 

Equivalent  Tip  Chord  (W.P.  + 129.41) 

29.38  in 

c 

V 

Mean  aerodynamic  chord  (W.P.  + 73.92) 

58.47  in 

A 

V 

Sweepback  (25Z  chord) 

30° 

Airfoil  Section 

NASA  63A012 

I 

V 

Tail  length  (.25  c to  .25  c ) 
w V 

194.05  in 

VERTICAL 

FIN 

Sf 

Area  (including  2.14  ft2  blanketed  by 
horizontal  tail  and  excluding  dorsal  fin) 

29.87 
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■'j 
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■ 

i 


i 

i 

i 

j 


1 


I 


VERTICAL  FIN  (Cont'd) 

if  Angle  with  respect  to  airplane  plane  of 

symmetry 


RUDDER 

S 

r 


b 

r 


A 

r 


Total  area 

Sf  Upper  surface 
u 

S Lower  surface 
1 

Span,  equivalent 

b Upper  surface 
u 

b Lower  surface 
1 

Upper  chord  (W.P.  96.00) 

Lower  chord  (W.P.  + 9.91) 

Ratio  rudder  chord  (aft  H.L.)  to  vertical 
tail  chord 

Cr^Cv  Upper  surface  @ W.P.  96.00 

cr/cv  Lower  surface 
Rudder  deflection,  maximum 
Boost 


Aerodynamic  balance 

Sb  Balance  area  forward  of  hinge  line 

cb/cr  Ratio  balance  chord  to  ruddar  chord 

cb^cr  uPPer  surface  @ W.P.  96.00 
u 

cb/cr  Lower  surface 
Static  balance 


Nose  factor 

Point  of  tangency  for  nose  factor  is  at 
rudder  hinge  line 


B-8 


0° 

9.13  ft2 
3.23  ft2 

5.90  ft2 

31.94  in 
42.99 
12.59  in 
22.45  in 

.266 

.250 

25°  Rt.,  25°  Lt. 
None 
Overhang 
2.41  ft2 

.234 

.24 

Weighted  leading 
edge 

0.40 
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RUDDER  TRIM  TAB 

St 

Area 

1.60  ft2 

bt 

Span,  equivalent  (W.P.  14.94  to  W.P.  53.00) 

38.06  in 

ct 

Chord,  constant 

6.0  in 

b /b 

Ratio  tab  span  to  rudder  span 

.508 

t r 

A _ O 

R 

t 

Tab  deflection,  maximum 

7 Rt.,  7 

fuselage 

If 

Length  (actual) 

34.58  ft 

Ff 

Maximum  frontal  area  (basic  fuselage) 

15.75  ft2 

wf 

Maximum  width  (basic  fuselage)  F.S.  169 

54  in 

hf 

Maximum  depth 

Basic  fuselage  over  canopy  (F.S.  169) 

88.1  in 

Including  ducts  (F.S.  214) 

73.9  in 

Af 

Net  surface  area 

221.11  ft2 

L/D 

Fineness  ratio  (actual) 

5.91 

CANOPY 

1 

Length  (actual) 

19.75  ft 

c 

Maximum  frontal  area 

3.70  ft2 

F 

c 

73.10  ft2 

A 

c 

Net  surface  area 

L/Dc 

Fineness  ratio  (actual) 

8.8 

NACELLE 

1 

Length  (actual) 

23.71  ft 

D 

Maximum  frontal  area 

10.50  ft2 

F 

n 

206.0  ft2 

A 

Net  surface  area 

n 

Inlet  area  (includes  gutters) 

3.1  ft2 

L/D, 

Fineness  ratio  (actual) 

5.025 
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SPEED  BRAKE  (Data  for  one  side  only) 


Type 

One  Piece 

Location 

Side  of  Af 
Fuselage 

Number 

Two 

SJ 

Area  (Planform) 

8.00  ft2 

F) 

Area  (frontal) 

4.24  ft2 

A 

j 

Maximum  deflection 

32° 

TIP  TANK 

(Data  for  one  tank  only) 

Overall  length 

142.75  in 

dtt 

Maximum  diameter  (Tank  Sta.  61.875) 

20.00  in 

L/D 

Fineness  ratio 

7.14 

SStt 

Side  area  (projected) 

14.1  ft2 

S*tt 

Planform  area  (projected) 

14.2  ft2 

Volume 

15.3  ft3 

A 

tt 

Total  Surface  Area 

44.30  ft2 

A 

netK, 

Net  Surface  Area  (wetted) 

42.40  ft2 

tt 
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APPENDIX  C 

SELECTED  EXCERPTS  FROM  BAR  REPORT 
Wind  Tunnel  Tests  of  a 9 Percent  Scale  T-2C  Model  at  the 

by  William  Bihrle,  Jr. 

Bihrle  Applied  Research,  Inc. 

Oyster  Bay,  N.Y.  11771 

£o687?°  Report  £!£'“'  C°ntract  N62269-73- 

)lds  Number  Efferf 


as  a function  of  Reynolds  number.  UP  angle8 

with'varying^eynoids  IZtSll  *“  PitCh  i0  ~a“«d 

® - 12  degrees,  the  influence  of  Je^old«  k 81668  anele  °f  attack*  Ab°ve 
of  this  Re  effect  is  illustrated  in^igures^ I"cT  T^rT**'  1116  ma8nitude 

8 " °*  -10,  10,  20,  and  30  degrees  l’  Z ^ and  C“5  at 

Re  effect  is  magnified  in  thefe  fiLres^incP J*  ®hould  be  noted  that  the 
is  plotted  to  a .05/inch  (normally^lotted  lO/lL-hN^1?8  moment  coefficient 
it  can  be  seen  that  the  largest  var<an  ^inch^  scale,  in  all  instances 

6-0  X 106/ft  Reynolds  nS  data!  °btalned  betWeCD  the  l-°  *ad 

The  reason  that  Reynolds  number  Dlavs  a . , 

coSf«8< 30816  °f  attack  Can  be  obtained  from  Fi^re  C-6  S^6h°nly  abOVe  12 
coefficient  as  a function  of  angle  of  attack. "ffi  ^ llft 

region  and  is  unaffecLdSbyiRe^old!°U8hi)Ut  ^ UnstaHed  angle-of-attack 

ccea  Reynolds  number  above  1.0  X 106/ft. 

b the  angle  of  attack  at  vhich  stall  occurs  and  the  .agnitude  of  <u 
are  directly  related  to  the  value  nf  t-h»  n.  u , ^*1AX 

the  stall  angle  la  in  the  viciSty  ot  U l 21  ?!  ff"’ 
number  of  1.0  and  6.0  X 106/ft  resnerM~i  ^ ij'5  degrees  for  a Reynolds 
G4JAX  are  l-02  aad  1.19.  7 ’ reSpectively*  ^ corresponding  values  for 

»e  .0i.otl^:8tThdeS"SefoTtS:  Sj,6*0  X -curs  at 

for  Re  values  of  3.0  X 106/ft  and  above.  pa”Cy  is  aPPreciably  reduced 
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Obviously,  the  stall  pattern  of  the  wing  associated  with  a given  value  of 
Reynolds  numbers  is  responsible  for  the  observed  pitching  moment  variation  with 
Reynolds  numbers. 

On  Tables  C-II  and  C-I1I  boundaries  have  been  drawn.  The  values  below  these 
boundaries  deviate  more  than  ±5  percent  (an  arbritrary  value)  from  the  values 
obtained  at  Re  ■ 6.0  X 10^/ft.  It  can  be  seen  that  the  roll  and  yaw  character- 
istics fall  within  this  tight  band  for  all  values  of  Reynolds  number  above 
1.0  X 10^/ft  below  stall.  However,  for  all  intents  and  purposes,  from  stall  to 
40  degrees  angle  of  attack  the  Re  «■  6.0  X 10®/ft  data  cannot  be  duplicated  con- 
sistently within  5 percent  for  any  Re  value  less  than  6.0  X 10^/ft.  This 
tabulated  data  can  also  be  examined  for  values  of  8 = -10,  10°  and  8-0,  20, 

30°  in  Figures  C-7  and  C-8,  respectively  for  roll  and  Figures  C-9  and  C-10, 
respectively  for  yaw.  From  these  figures  it  can  be  seen  that 

a.  both  roll  and  yaw  are  unaffected  (although  not  within  the  51  band) 
by  Reynolds  number  at  O'  «=  40  degrees  within  the  8 «=  ±10  range. 

b.  Reynolds  number  has  its  largest  influence  on  both  roll  and  yaw  between 
stall  and  20  degrees  angle  of  attack. 

c.  the  left  model  wing  panel  stalls  before  the  right  panel. 

d.  both  roll  and  yaw  are  significantly  affected  by  Reynolds  number  at 
a - 40  degrees  when  8 = 30  degrees. 

From  these  initial  tests,  it  was  apparent  that  the  full-scale  aerodynamic 
characteristics  could  be  realized  with  the  9 percent  T-2C  model  for  angles  of 
attack  below  stall  at  a Reynolds  number  of  2.0  X 10^/ft.  However,  the  angle  of 
attack  at  which  stall  occurs  was  dependent  on  the  magnitude  of  the  Reynolds 
number  and  all  the  aerodynamic  characteristics  were  significantly  influenced 
by  the  stall  characteristics. 

Based  on  these  results,  it  was  deemed  necessary  that  all  the  T-2C  control 
configurations  be  tested  at  a Reynolds  number  of  6.0  X 10^/ft  since  the 
complete  angle  of  attack  range  (i.e.,  -8  to  40°)  was  to  be  run  during  a given 
test . 


Effect  of  Transition  Grit  Pattern 


i 


I 


i 


Again,  because  the  complete  angle  of  attack  range  of  -8  to  40  degrees  was 
to  be  run  during  a given  test,  grit  was  applied  both  to  the  fuselage  and  air- 
foil sections  in  the  manner  previously  described.  The  significance  of  having 

- 0C 


this  grit  pattern  on  the  model  was  determined  by  testing  the 
configuration  without  grit  at  a Reynolds  number  of  6.0  X 10^/ft. 


6 - 

r 


From  Figure  C-ll  it  would  appear  that  transition  was  set  with  the  applied 
grit  since  CDo  is  higher  with  the  transition  band.  Since  the  model  had  no 

ducting,  inlet  spillage  associated  with  a given  mass  flow,  base  drag,  etc.  were 
not  simulated  and  the  absolute  values  of  drag  measured  during  these  tests  are, 
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therefore,  not  significant.  It  can  be  seen  in  Figure  C-6  that  the  lift  versus 
angle  of  attack  relationship  was  unaffected  by  grit.  Since  it  was  found  (see 
previous  section)  that  the  wing  stall  pattern  influenced  the  pitching,  rolling, 
and  yawing  moment  characteristics  of  the  T-2C  configuration,  one  would  expect 
that  the  moments  measured  without  grit  would  be  the  same  as  those  obtained 
with  the  grit  pattern. 

Tables  C-IV,  C-V,  and  C-VI  in  this  section  present  tabulated  values  of 
Cm,  Cj , and  C^,  respectively  for  a range  of  angles  of  attack  and  sideslip 

angles  as  a function  of  grit  being  on  or  off  the  model. 

This  tabulated  data  can  also  be  examined  for  sideslip  values  of  >10,  0,  10, 

20  and  30  degrees  in  Figures  C-12  through  G-15.  The  effect  of  grit  on  the 
yawing  moment  in  Figures  C-14  and  C-13,  respectively.  An  inspection  of  these 
tables  or  figures  indicates  the  premise  based  on  the  lift  characteristics  to  be 
correct.  Except  for  a few  isolated  data  points  just  above  stall,  the  data 
obtained  without  the  grit  transition  pattern  duplicates  the  data  obtained  with 
grit  throughout  the  angle-of -attack  range.  On  this  bases,  the  model  tests 
with  sting  002  and  003  were  conducted  with  a clean  model. 

The  significance  of  these  results  cannot  be  conclusively  stated  since  a 
Reynolds  number  variation  was  not  conducted  with  the  clean  model.  (Although 
these  tests  had  been  scheduled  they  were  deleted  because  of  program  slippages 
that  resulted  from  model,  instrumentation  and  tunnel  problems.)  One  could  con- 
clude that  these  results  indicate  that  supercritical  flow  conditions  had  been 
realized  at  or  in  the  vicinity  of  a Reynolds  number  of  5.0  X 10^/ft,  On  the 
other  hand,  the  position  could  be  taken  that  the  grit  pattern  was  not  applied 
in  an  optimum  fashion  (whatever  that  might  be)  and  that  the  Reynolds  number 
variation  obtained  with  the  gritted  model  would  have  been  duplicated  with  the 
clean  model.  If  the  later  were  the  case,  the  full-scale  stalled  aerodynamic 
characteristics  may  not  necessarily  have  been  obtained.  The  inability  to 
demonstrate  conclusively  that  the  full-scale  stalled  aerodynamic  characteristics 
have  been  documented  during  a wind  tunnel  investigation  is  a problem  which  con- 
fronts all  Investigators.  The  T-2C  configuration  fortunately  3eems  to  be 
sensitive  to  Reynolds  number  in  a very  limited  angle  of  attack  range  (i.e., 
between  14  and  20  degrees).  Although  the  author  is  inclined  to  conclude  that 
supercritical  flow  conditions  were  achieved  during  these  tests,  if  is  recommended 
that  this  opinion  be  further  substantiated  with  a very  short  wind  tunnel 
investigation.  This  recommendation  is  being  made  only  in  light  of  the  needs 
of  the  parameter  identification  program. 

Repeatability 

Tables  C-IV,  C-V,  and  C-VI  tabulate  data  that  were  obtained  several  times 

during  the  investigation  for  the  baBic  (i.e.,  * « 5 ■ fi  ■ 0°)  gritted 

C d IT 

model  at  a Reynolds  number  of  6.0  X 10^/ft.  It  can  be  seen  that  these  data 
fall  well  within  the  accuracy  commonly  expected  during  a wind  tunnel  investiga- 
tion. In  fact,  the  comparison  between  data  obtained  with  the  gritted  and 
clean  model  (see  Figures  C-12  through  C-15)  can  also  be  used  to  illustrate 
this  point. 
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Figure  C-12  Influence  of  a Transition  Grit  Pattern  on  Pitch  Characteristics 
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